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(54) TRANSCRIPTIONAL REGULATOR 

(57) A gene encoding a novel transcriptional regula- 
tor having a bromo domain has been successfully iso- 
lated from a human testis cDNA library by effecting 
polymerase chain reactions employing primers pre- 
pared based on an EST sequence which has a high 
homology with a transcriptional regulatory factor 
"RING3" having a bromo domain and has been found 
out by retrieving a data base with the use of the 
sequence of "RING3". By analyzing the expression of 
the isolated gene, it has been found out that this gene is 
expressed strongly in testicular cells with a potent ability 
to proliferate. The use of the above transcriptional regu- 
lator and its gene makes it possible to screen candidate 
compounds for factors interacting with the transcrip- 
tional regulator or drugs controlling the activity of the 
regulator. 
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Description 

Technical Field 

[0001] The present invention relates to a novel tran- 
scriptional regulator containing a bromodomain and a 
gene encoding it. 

Background Art 

[0002] The bromodomain is a characteristic motif of 
amino acids found in transcriptional regulators, and is 
believed to be involved in interaction with other proteins, 
such as other transcriptional regulators. Proteins having 
a bromodomain usually contain one or two (Tamkun, J. 
W. et al. (1992) Cell,68,561-572, Haynes, S.R. et al. 
(1992) Nuc. Acids Res., 20:2603), but sometimes as 
many as five bromodomain motifs (Nicolas, R. H. and 
Goodwin, G. H. (1996), Gene, 175 (12):233-240). This 
motif is found in a wide variety of animals. For example, 
it is identified in yeast (Winston, F. et al. (1987), Genet- 
ics, 115:649-656; Laurent, B. C. etal. (1991), Proc. Natl. 
Acad. Sci. USA, 88:2687-2691), Drosophiia (Digan, M. 
E. et al.(1986), Dev. Biol., 114:161-169; Tamkun, J. W 
et al. (1992). Cell, 68:561-572), and mammals (Denis. 
G. V. and Green, M. R. (1996). Genes and Devel.. 10: 
261-271; Yang, X. J. et al. (1996), Nature. 382: 319- 
324). 

[0003] All transcriptional regulators containing a bro- 
modomain serve to control signal-dependent transcrip- 
tion in actively proliferating cells (Tamkun, J. W. et al. 
(1992), Cell, 68: 561-572; Haynes, S.R. et al. (1992), 
Nuc. Acids Res., 20:2603). Due to this feature, it is sug- 
gested that cancer may develop if the gene for the pro- 
tein containing a bromodomain is not normally 
controlled. In fact, several studies have shown that 
human transcriptional regulators with a bromodomain 
RING3, p300/CBP, and PCAF may be involved in onco- 
genesis. 

[0004] RING3 was identified during an extensive anal- 
ysis of the sequences of human class II major histocom- 
patibility systems (Beck et al., (1992) DNA Seq. 2: 203- 
210). The protein encoded by RING3 is homologous to 
D26362, a human gene (Nomura et al., (1994) DNA 
Res. 1 : 223-229) and fsh, a drosophiia gene (Digan et 
al., (1986), Dev. Biol., 114: 161-169). All three genes 
encode proteins contain two copies of a bromodomain 
and a PEST sequences. The bromodomain is a motif 
consisting of 59 to 63 amino acid residues and is con- 
sidered to be involved in protein-protein interactions. It 
is found among the transcriptional regulator proteins 
(Tamkun, J. W et al., (1992) Cell, 68, 561 -572; Haynes, 
S. R. et al., (1992) Nuc. Acids Res. 20: 2603). The 
' PEST sequence is a cluster of proline (P), glutamic acid 
(E), serine (S) and threonine (T), which characterizes 
the proteins that undergo rapid proteolysis in the cell. 
[0005] The protein encoded by RING3 has a molecu- 
lar weight of 90 kD and has serine-threonine activity 



(Denis and Green, (1996) Genes and Devel. 10: 261- 
271). Comparison of the sequences of RING3 and fsh 
with those of kinase domains of known serine-threonine 
kinases revealed that the sub-domains of the kinase 

5 motif are conserved, though in no particular order (most 
of them are similar to the corresponding sub-domains of 
a proto-oncogene c-mos). Kinase activity of RING3 is 
stimulated by interleukin-1 (IL-1) and forskolin, but not 
by a certain category of cytokines (Denis and Green, 

10 (1996) Genes and Devel. 10: 261-271). A close relation- 
ship between kinase activity and growth phase in 
chronic and acute lymphocytic leukemia suggests the 
role RING3 plays in the leukemogenesis regulatory 
pathway (Denis and Green, (1996) Genes and Devel. 

is 10: 261-271). The analysis of the drosophiia fsh gene 
suggested the interaction with the trrthorax transcrip- 
tional regulator, a possible target for the putative phos- 
phorylative activity of fsh (Digan et al., (1986) Dev. Biol. 
114: 161-169; Mozer and Dawid, (1989) Proc. Natl. 

20 Acad. Sci. USA 86: 3738-3742). The triathorax gene 
and its homologue ALL-1 have a C4HC3 zinc finger, a 
motif commonly found among the genes present at 
leukemia breakpoints(Aasland et al., (1995) Trends Bio- 
chem. Sci. 20: 56-59; Sana et al., (1995) Proc. Natl. 

25 Acad. Sci. USA 92: 9737-9741). 

[0006] In addition to RING3. at least two other bromo- 
domain proteins. p300/CBP and PCAF, are associated 
with oncogenesis. Although p300 protein and CBP pro- 
tein are encoded by different genes, they are extremely 

30 closely related, and therefore, they are often called 
p300/CBR Mutations in CBP are often found in familial 
and sporadic cancers. Mutations in CBP sometimes 
result in Rubinstein-Taybi syndrome, which causes 
patients to develop various malignant tumors (Petrij et 

35 al., (1995) Nature 376: 348-51). Furthermore, CBP is 
fused with MOZ at t(8;6)(p1 1 ;p1 3) translocation (Borrow 
et al., (1996) Nature Genet. 14:33-41). This fusion pro- 
tein possibly causes leukemogenesis by its aberrant 
acetyltransferase activity (Brown welt and All is, (1996) 

40 Curr. Opin. Genet. Devel. 6:176-184). Mutation in p300 
is found in sporadic colon and gastric cancers (Muraoka 
et al., (1996) Oncogene 12: 1565-1569), and p300 has 
been suggested to be a gene for a tumor- suppressing 
factor located on chromosome 22q. Another feet that 

45 suggests the role of p300/CBP in cancer is that it inter- 
acts with the known oncogenes. For example, it is a co- 
activator of c-Myb (Dai, et al., (1996) Genes and Devel. 
10: 528-540) and c-Fos (Bannister arid Kouzartdes, 
(1996) Nature 384: 641-643) transcriptional factors, to 

so which the E1 A protein of Adenovirus bind (Ykng et al., 
(1996) Nature 382: 319-324). The interaction between 
E1A and p300/CBP is inhibited by PCAF, a bromodo- 
main protein. 

[0007] Like p300/CBP. PCAF also has histone acetyl- 
55 transferase activity. PCAF, when exogenously 
expressed, can reduce the proliferation associated with 
E1A in cultured cells (Yang et al., (1996) Nature 382: 
319-324). Therefore, one of the first mechanisms of the 
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activity of the E1 A oncogene may be to inhibit the inter- 
action between PCAF and p300. 
[0008] Thus, it is thought that aberrant regulation of 
transcriptional regulators containing a bromodomain 
may be closely related to various diseases, for example, s 
cancer. Transcriptional regulators containing a bromo- 
domain have thus recently received much attention as 
novel targets for treating cancer. 
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[0009] An objective of the present invention is to pro- 
vide a novel transcriptional regulator having a bromodo- 
main and DNA encoding said transcriptional regulator. 
Another objective of the present invention is to provide a 1 s 
vector carrying said DNA, a transformant retaining said 
DNA, and a process for producing a recombinant pro- 
tein by utilizing said transformant. A further objective of 
the present invention is to provide a method of screen- 
ing a compound that binds to said transcriptional regu- 20 
lator. 

[0010] To solve the problems described above, the 
inventors searched a database based on the sequence 
of RING3 transcriptional regulator with a bromodomain 
and found several EST sequences highly homologous 25 
to RING3. Primers were then prepared based on one of 
the EST sequences, and polymerase chain reaction 
was performed in a human testis cDNA library using the 
primers. As a result, a gene encoding a novel transcrip- 
tional regulator with a bromodomain was successfully 30 
isolated. By analyzing the expression of this gene, the 
inventors discovered that the gene is highly expressed 
in the testis cells. Moreover, the inventors found that a 
factor interacting with the transcriptional regulator, or a 
candidate pharmaceutical compound that regulates 35 
activity of the transcriptional regulator, can be screened 
by utilizing the transcriptional regulator and the gene 
encoding it. 

[0011] Thus, the present invention relates to novel 
transcriptional regulators each having a bromodomain 40 
and the genes encoding them, and to a method of 
screening for a related factor or a candidate compound 
as a medicament using said proteins or genes, and 
more specifically relates to: 

45 

(1) a transcriptional regulator having a bromodo- 
main, which comprises the amino acid sequence 
shown in SEQ ID NO:1, or said sequence wherein 
one or more amino acids are substituted, deleted, 
or added; so 

(2) a transcriptional regulator having a bromodo- 
main. which is encoded by DNA hybridizing with 
DNA comprising the nucleotide sequence shown in 
SEQ ID NO: 2; 

(3) DNA coding for the transcriptional regulator ss 
according to (1)or (2); 

(4) a vector comprising the DNA according to (3); 

(5) a transformant expressibly retaining the DNA 



according to (3); 

(6) a method for producing the transcriptional regu- 
lator according to (1) or (2), which comprises cultur- 
ing the transformant according to (5); 

(7) an antibody binding to the transcriptional regula- 
tor accordi ng to ( 1 ) or (2) ; 

(8) a method of screening a compound having bind- 
ing activity to the transcriptional regulator according 
to (1) or (2), wherein the method comprises 

(a) contacting a sample with the transcriptional 
regulator according to (1) or (2) and 

(b) selecting a compound having binding activ- 
ity to the transcriptional regulator according to 
(1)or (2); 

(9) a compound having binding activity to the tran- 
scriptional regulator according to (1) or (2), which 
can be isolated according to the method of (8); 

(10) the compound according to (9), which is natu- 
rally occurring; and 

(11) DNA specifically hybridizing with DNA com- 
prising the nucleotide sequence shown in SEQ ID 
NO: 2 and having at least 15 nucleotides. 

[0012] Here, the term "transcriptional regulator(sr 
means protein(s) that control gene expression, and 
"bromodomain" means an amino acid motif conserved 
among the transcriptional regulators associated with 
signal-dependent transcription, wherein said motif is 
involved in protein-protein interaction. 
[0013] The present invention relates to a novel tran- 
scriptional regulator having a bromodomain. The amino 
acid sequence of the protein designated TSB contained 
in the transcriptional regulator of the present invention is 
shown in SEQ ID NO: 1 , and the nucleotide sequence of 
the cDNA encoding the protein is shown in SEQ ID NO: 
2. TSB protein is generally known as a region involved 
in interaction with other factors including transcriptional 
regulators, and it has a bromodomain(s) (amino acid 
positions 49-109 and 292-352 of SEQ ID NO: 1), a char- 
acteristic motif of transcriptional regulators involved in 
cancer (Fig. 1). rt is also highly expressed in the testis 
cells (Example 4). These facts suggest that TSB pro- 
tein, like other transcriptional regulators having bromo- 
domains. may be involved in cell proliferative diseases 
and cancers, particularly in testis cancer. In this connec- 
tion, bromodomains are thought to play an important 
role. Thus, TSB protein, or a transcriptional regulator 
functionally equivalent thereto, can be used to prevent 
and treat cell proliferative diseases and cancers. 
[0014] The transcriptional regulators of the present 
invention can be prepared as recombinant proteins gen- 
erated using a recombinant gene technique, or as natu- 
rally-occurring proteins. The transcriptional regulators 
of the present invention include both recombinant and 
naturally-occurring proteins. The recombinant proteins 
can be prepared using a method such as incorporating 
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DNA encoding a transcriptional regulator of the present 
invention as described below (e.g. DNA having the 
nucleotide sequence shown in SEQ ID NO: 2) into a 
suitable expression vector, which is then introduced into 
host cells, and purifying the protein obtained from the 5 
transfer mant. The naturally occurring proteins can be 
prepared using a method such as preparing a column 
which utilizes an antibody obtained from a small animal 
immunized with the recombinant protein prepared as 
above or its partial peptide, and subjecting the extract w 
from a tissue or cells in which a transcriptional regulator 
of the present invention is overexpressed (e.g. testis) to 
affinity chromatography using said column. 
[001 5] The present invention also relates to transcrip- 
tional regulators functionally equivalent to the transcrip- 75 
tional regulators of the present invention. A method of 
introducing mutation into amino acids of a protein to iso- 
late such a protein is well known to one skilled in the art 
Thus, it is well within the art of an ordinarily skilled per- 
son to isolate a protein functionally equivalent to the 20 
TSB protein having the amino acid sequence shown in 
SEQ ID NO: 1 by appropriately modifying, for example, 
substituting amino acids without affecting the function of 
the protein using a site-directed mutagenesis system 
using PCR (GIBCO-BRL, Gaithersburg, Maryland), a 25 
site-directed mutagenesis using oligonucleotides 
(Kramer. W. and Fritz. H. J. (1987). Methods in Enzy- 
mol., 154: 350-367), or the similar methods. Mutation in 
an amino acid of a protein can also occur spontane- 
ously. The transcriptional regulators of the present 30 
invention include those having the amino acid sequence 
(SEQ ID NO: 1 ) of the TSB protein in which one or more 
amino acids are substituted, deleted, or added, and 
functionally equivalent to the TSB protein. The number 
of mutagenized amino acids is not particularly limited as 35 
long as it retains function equivalent to the TSB proiten. 
It is usually 50 amino acids or less, preferably 30 amino 
acids or less, more preferably 10 amino acids or less, 
and most preferably five amino acids or less. 
[0016] As another method of isolating a functionally 40 
equivalent protein utilizing a hybridization technique 
(Sambrook, J. et al., Molecular Cloning 2nd ed. 9.47- 
9.58, Cold Spring Harbor Lab. press, 1989) is well 
known to one skilled in the art. Based on the DNA 
sequence encoding the TBS protein (SEQ ID NO: 2), or 45 
the fragment thereof, a person with ordinary skill in the 
art can isolate DNA highly homologous to said DNA 
sequences using a hybridization technique (Sambrook, 
J. et al., Molecular Cloning 2nd ed. 9.47-9.58, Cold 
Spring Harbor Lab. press, 1989) to obtain a protein so 
functionally equivalent to the TBS protein. The tran- 
scriptional regulators of the present invention include 
those encoded by DNA that hybridizes with DNA encod- 
ing the TBS protein and functionally equivalent to the 
TBS protein. Source organisms used to isolate a func- ss 
tionally equivalent protein includes, for example, mouse, 
rat, cattle, monkey, and pig as well as human. The strin- 
gency of hybridization for isolating DNA encoding a 



functionally equivalent protein is suitably determined by 
one skilled in th art and is typically 42°C, 2xSSC, 0. 1% 
SDS, preferably 50°C. 2xSSC, 0.1% SDS, and more 
preferably 65°C, 2xSSC, 0.1% SDS. The higher the 
temperature, th more highly homologous DNA will be 
obtained. High amino acid homology means usually 
40% or more, preferably 60% or more, more preferably 
80% or more, or most preferably 95% or more. The tran- 
scriptional regulator obtained by the hybridization tech- 
nique preferably contains bromodomain(s). It can also 
contain a serine/threonine kinase domain which func- 
tions to phosphorylate other proteins, PEST sequence 
which is "a characteristic sequence of the proteins 
undergoing rapid intracellular proteolysis, and a nuclear 
transport signal which functions to tranport the protein 
into nucleus. The presence of the bromodomain in the 
protein can be identified by searching the bromodomain 
motif PROSITE database on DNASIS (HITACHI Soft- 
ware engineering). 

[0017] The present invention also relates to DNA 
encoding a protein of the present invention. The DNA of 
the present invention includes CDNA, genomic DNA, 
and chemically synthesized DNA, but is not limited 
thereto as long as it codes for a protein of the present 
invention. cDNA can be prepared, for example, by 
designing a primer based on the nucleic acid sequence 
shown in SEQ ID NO: 2 and performing plaque PCR 
(see Affara. N.A. et al. (1994), Genomics. 22: 205-210). 
The genomic DNA can be prepared according to a 
standard technique using, for example, Qiagen genomic 
DNA kits (Qiagen, Hilden, Germany). The DNA 
sequence thus obtained can be determined according 
to a standard technique using a commercially available 
dye terminator sequencing kit (Applied Biosystems) and 
the like. In addition to applying to the production of 
recombinant proteins as described below, the DNA of 
the present invention may be applied to gene therapy 
and the like. 

[0018] The present invention also relates to a vector 
into which the DNA of the present invention is inserted. 
The vector of the present invention includes various 
types of vectors, e.g. for expressing the protein of the 
present invention in vivo and for preparing recombinant 
proteins and appropriately selected depending on the 
purpose. Vectors used for expressing the protein of the 
present invention in vivo (in particular, for gene therapy) 
include the adenovirus vector p Ad ex Lew and the retro- 
virus vector pZIPneo. An expression vector is particu- 
larly useful for producing a protein of the present 
invention. Although there is no particular limitation to th 
expression vectors, the following vectors are preferred: 
pREP4 (Qiagen, Hilden. Germany) when E. cofi is 
used; SP-Q01 (Stratagene, La Jolla, CA) when yeast is 
used: and BAC-to-BAC baculovirus expression system 
(GIBCO-BRL. Gaithersburg, Maryland) when insect 
cells are used. A LacSwrtch II expression system (Strat- 
agene; La Jolla, CA) is advantageous when mammalian 
cells, such as CHO, COS, and NIH3T3 cells, are used. 
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The DNA of the present invention can be inserted into 
vectors using a standard method. 
[0019] The present invention also relates to a trans- 
formant expressibly retaining the DNA of the present 
invention. The transformants of the present invention s 
include one harboring the above-described vector into 
which the DNA of the present invention is inserted and 
one having the DNA of the present invention integrated 
into its genome. The DNA of the present invention can 
be retained in the transformartt in any form as long as 10 
the transformant expressibly retains the DNA of the 
present invention. There is no limitation to host cells into 
which a vector of the present invention is introduced. If 
* the cells are used to express a protein of the present 
invention for the purpose of ex vivo gene therapy, vari- is 
ous cells can be used as target cells suited to diseases. 
Cells such as E. coli, yeast cells, animal cells, and 
insect cells can be used for producing the protein of the 
present invention. The vector can be introduced into the 
cells by methods such as electroporation andthe cal- so 
cium phosphate method. Recombinant proteins can be 
isolated and purified from the transformants generated 
for producing the said proteins according to a standard 
method. 

[0020] The present invention also relates to antibodies 25 
that bind to the transcriptional regulators of the present 
invention. The antibodies of the present invention 
include, but are not limited to. polyclonal and mono- 
clonal antibodies. Also included are antisera obtained 
by immunizing an animal such as a rabbit with a protein 30 
of the present invention, any class of polyclonal or mon- 
oclonal antibodies, humanized antibodies generated by 
gene recombination, and human antibodies. The anti- 
bodies of the present invention can be prepared accord- 
ing to the following method. For polyclonal antibodies, 35 
antisera can be obtained by immunizing a small animal, 
such as a rabbit, with a transcriptional regulator of the 
present invention or a partial peptide thereof, then 
recovering the fractions that only recognize the tran- 
scriptional regulator of the present invention through an 40 
affinity column coupled with the transcriptional regulator 
of the present invention. Immunoglobulin G or M can be 
prepared by purifying the fractions through a Protein A 
or G column. For monoclonal antibodies, a small ani- 
mal, such as a mouse, is immunized with a transcrip- 4s 
tional regulator of the invention, the spleen is removed 
from the mouse and homogenized into cells, the cells 
are fused with myeloma cells from a mouse using a rea- 
gent such as polyethylene glycol, and clones that pro- 
duce antibodies against the transcriptional regulator of so 
the invention are selected from the resulting fused cells 
(hybridoma). The hybridoma obtained is then trans- 
planted into the abdominal cavity of a mouse, and the 
ascites are recovered from the mouse. The obtained 
monoclonal antibodies can then be prepared by purify- ss 
ing, for example, by ammonium sulfate precipitation 
through a Protein A or G column, by DEAE ion exchang- 
ing chromatography, or through an affinity column cou- 



pled with the protein of the invention. Besides being 
used to purify or detect the transcriptional regulators of 
the present invention, the anttobodies of the present 
invention can beused as a drug for suppressing the 
functions of the transcriptional regulator of the present 
invention. When an antibody is used as a drug, a human 
or humanized antibody is effective with regard to immu- 
nogenicity. A human or humanized antibody can be pre- 
pared according to methods well known in the art. For 
example, a human antibody can be prepared by immu- 
nizing a mouse whose immune system is replaced by a 
human system with the transcriptional regulator of the 
present invention. A humanized antibody can be pre- 
pared by the CDR grafting method in which an antibody 
gene is doned from monoclonal antibody-producing 
cells and its antigenic determinant site is transplanted to 
an existing human antibody. 

[0021 ] The present invention also relates to a method 
for screening a compound that binds to transcriptional 
regulators of the present invention. The screening 
method of the present invention includes steps of (a) 
contacting a transcriptional regulator of the present 
invention with a test sample and (b) selecting a com- 
pound that has binding activity for the transcriptional 
regulator of the present invention. Test samples used for 
the screening include, but are not limited to, a library of 
synthetic low molecular weight compounds, a purified 
protein, an expression product of a gene library, a 
library of synthetic peptides a cell extract, and a super- 
natant of the cell culture. Various methods well known to 
one skilled in the art can be used for selecting a com- 
pound binding to a transcriptional regulator of the 
present invention. 

[0022] A protein that binds to a transcriptional regula- 
tor of the present invention can be screened by West- 
western blotting comprising steps of generating a cDNA 
library from the tissues of cells expected to express the 
protein that binds to a transcriptional regulator of the 
present invention (e.g. testis) using a phage vector 
(Xgtll, ZAPII, etc.). allowing the cDNA library to 
express on the LB-agarose plate, fixing the expressed 
proteins on a filter, reacting them with the transcriptional 
regulator of the present invention purified as a biotin- 
labeled protein or a fusion protein with GST protein, and 
detecting plagues expressing the protein bound to the 
regulator on the filter with streptavidin or anti-GST anti- 
body (Skolnik. E. Y, Margolis. B., Mohammadi, M., 
Lowenstein, E., Fisher. R., Drepps, A., Ullrich, A. and 
Schlessinger, J. (1991), Cloning of PI3 kinase-associ- 
ated p85 utilizing a novel method for expression/cloning 
of target proteins for receptor tyrosine kinases. Cell 65, 
83-90). Alternatively, the method comprises expressing 
in yeast ceils a transcriptional regulator of the present 
invention which is fused with SFR or GAL4 binding 
region, constructing a cDNA library in which proteins 
are expressed in a fusion protein with the transcription 
activation site of VP16 or GAL4 from the cells expected 
to express a protein that binds to the transcriptional reg- 
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ulator of the present invention, introducing the cDNA 
library into the above-described yeast cells, isolating the 
cDNA derived from the library from the detected positive 
clones, and introducing and expressing it in E. coli. (If a 
protein that binds to the transcriptional regulator of the 5 
present invention is expressed, a reporter gene is acti- 
vated by the binding of the two proteins. The positive 
clones can then be identified.) This method can be per- 
formed using Two-hybrid system (MATCHMAKER Two- 
Hybrid System, Mammalian MATCHMAKER Two- 10 
Hybrid Assay Kit. MATCHMAKER One-Hybrid System 
(all from Clontech); HybriZAP Two-Hybrid Vector Sys- 
tem (Stratagene) or in accordance with Datton, S. and 
Treisman R. (1992), Characterization of SAP-1, a pro- 
tein recruited by serum response factor to the c-fos /s 
serum response element, Cell, 68: 597-612) Another 
method is to apply a culture supernatant or a cell extract 
from the cells suspected to express a protein which 
binds to the transcriptional regulator of the present 
invention onto an affinity column coupled with the tran- 2 o 
scriptional regulator of the present invention, and purify 
the protein specifically bound to the column. 
[0023] Also well known to one skilled in the art are a 
method of screening molecules that bind to a transcrip- 
tional regulator of the present invention by reacting the 25 
immobilized transcriptional regulator of present inven- 
tion with a synthetic compound, natural substance 
bank, or a random phage peptide display library, and a 
method of isolating low molecular weight compounds, 
proteins (or their genes), or peptides which bind to a 30 
transcriptional regulator of the present invention by uti- 
lizing the high-throughput technique of combinatorial 
chemistry (Wrighton, N. C, Farrell, F. X.. Chang, R., 
Kashuyap. A. K. p Barbone, F. P., Mulcahy, L S., John- 
son, D. L, Barrett, R. W., Jolliffe, L K., Dower, W. J., 35 
Small peptides as potent mimetics of the protein hor- 
mone erythropoietin, Science (UNITED STATES) Jul. 
26, 1996. 273: 458-464; Verdine, G. L, The combinato- 
rial chemistry of nature, Nature (ENGLAND), Nov. 7, 
1996, 384: 11-13; Hogan, J. C. Jr., Directed combinato- 40 
rial chemistry, Nature (ENGLAND), Nov. 7, 1996, 384: 
1 7-19). The compounds thus isolated by the screening 
method of the present invention are candidates for 
drugs for enhancing or surpressing the activity of a tran- 
scriptional regulator of the present invention. When the 45 
compounds isolated by the screening method of the 
present invention are used as pharmaceuticals, they 
can be formulated by a known pharmacological proc- 
ess. For example, they can be administered to a patient 
with pharmaceutical^ acceptable carriers and vehicles so 
(e.g. physiological saline, vegetable oil, a dispersant, a 
surfactant, and a stabilizer). The compounds may be 
percutaneous) y, intranasal ly, transbronchially, intramus- 
cularly, intravenously, or orally administered, depending 
on their properties. 55 
[0024] The present invention also relates to DNA spe- 
cifically hybridizing with DNA coding the TBS protein 
and having at least 15 nucleotides. As used herein. 



"specifically hybridizing" means that no cross-hybridiza- 
tion occurs between DNA encoding other proteins 
under ordinary conditions for hybridization, and prefera- 
bly under stringent conditions. Such DNA may be used 
as a probe for detecting and isolating the DNA encoding 
the TBS protein, and as a primer for amplifying the DNA 
encoding the protein of the present invention. Specific 
examples of the primers include those shown in SEQ ID 
NOs: 3 and 4. 

Brief Description of the Drawings 
[0025] 

Figure 1 shows the nucleic acid sequence of TSB 
aligned with the amino acid sequence of the open 
reading frame. The three motifs identified by the 
search of the PROSITE database are underlined. 
Two bromodomains (amino acid positions 49-109 
and 292-352) and a PEST sequence (amino acid 
positions 636-672) are identified. 
Figure 2 compares the amino acid sequences of 
the predicted kinase domains of TSB, RING3. and 
fsh The sub-domains of kinase are disclosed in 
Denis and Green, (1996) Genes and Devel. 10: 
261-271. and sub-domains l-ll are excluded. The 
numerals correspond to the translation position of 
TSB. The conserved residues are shaded. 
Figure 3 shows the map location of TSB. The posi- 
tion is indicated relative to the positions of the adja- 
cent markers on chromosome 1p determined by 
radiation hybrid analysis. 

Figure 4A shows the results of Northern blot analy- 
sis of TSB in the normal tissues (Lane 1. heart; 
Lane 2, brain; Lane 3, placenta; Lane 4, lung; Lane 
5, liver; Lane 6, skeletal muscle; Lane 7, kidney; 
Lane 8, pancreas; Lane 9, spleen; Lane 10, thy- 
mus; Lane 11, prostate; Lane 12, testis; Lane 13, 
ovary; Lane 14, small intestine; Lane 15, colon 
(mucous lining); and Lane 16, peripheral leuko- 
cytes). Figure 4B shows the results of Northern blot 
analysis of TSB in carcinoma cell lines (Lane 1 , pro- 
myelocyte leukemia HL-60; Lane 2, He La S3 cells; 
Lane 3, chronic myelocytic leukemia K-56; Lane 4, 
lymphoblastic leukemia MOLT- 4; Lane 5, Burkitt's 
lymphoma Raji; Lane 6, large intestinal adenocarci- 
noma SW4S0; Lane 7, lung carcinoma S549; and 
Lane 8, melanoma G361). The positions of molecu- 
lar weight markers are indicated on the right. 

Best Mode for Implementing the Invention 

[0026] The following examples illustrate the present 
invention in more detail, but are not to be construed to 
limit the scope of the present invention. 
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Example 1 Identification of EST homologous to RING3 
and isolation of its full-length sequence 

[0027] A BLAST search of the EST database identi- 
fied numerous ESTs homologous to the DNA sequence s 
of the RING3 gene (Beck et al., (1992), DNA Seq. 
2:203-210) used as a probe. Among these ESTs, EST 
H64204, which was derived from a testis- specific cDNA 
library (Diatchenko et al., (1996) Proc. Natl. Acad. Sci. 
USA 93: 6025-6030), had 65% sequence homology to 10 
RING3 spanning 285 bp. 

[0028] To clone the full-length sequence of EST 
H64204, PCR primers U (SEQ ID NO: 2: AATGTCTCT- 
GCCAAGTCGACAA) and L (SEQ ID NO: 4: AGCATC- 
CACAGGACGTTGAAAG) were designed to perform is 
PCR using testis cDNAs as templates. PCR was carried 
out at 94 °C for 8 min. followed by 35 cycles of 94 °C for 
30 sec (heat annealing), 60 °C for 1 min (annealing), 
and 72 °C for 1 min (extension). AmpliTaq gold (Perkin 
Elmer) was used as an enzyme for PCR. This resulted 20 
in a PCR product of 175 bp. Subsequently, a testis 
cDNA library was screened (Clontech; HL3024a) using 
this PCR product as a probe. All the probes were 
labeled with [a- 32 P]dCTP by random priming and were 
purified through Chromaspin (10 columns; Clontech). 25 
Hybridization was performed in ExpressHyb hybridiza- 
tion solution (Clontech) for 1 hour at 65°C. The filter was 
washed at the final stringency of 1xSSC. 0.1% SDS. 
65°C. The sequence of a cDNA clone that was aligned 
with the EST sequence was used to re-screen the 30 
library. This process was repeated until a series of over- 
lapped clones giving a full-length sequence of the cod- 
ing region of the gene was obtained. As a result, a 
continuous sequence of 3,104 bp encoding 947 amino 
acids was found in an open reading frame (ORF) at the 35 
nucleotide positions 106-2946. The ORF is followed by 
a short stretch of a 3' untranslated region of 60 bp, 
which is terminated with a poly(A) tail that has a polya- 
denylated signal (ATTAAA) in the 20 bp upstream of it. 
The inventors designated the isolated clone TSB (testis 40 
specific bromodomain). SEQ ID NO: 2 shows the nucle- 
otide sequence of TSB along with the predicted amino 
acid sequence thereof. The predicted amino acid 
sequence is also shown in SEQ ID NO: 1. The nucle- 
otide sequences were determined with the automated 45 
sequencer ABI377 (Perkin Elmer) by use of ABI dye ter- 
minator chemistry. 

Example 2 Homology and motifs 

so 

[0029] RING3 (66% homology, 59% identity spanning 
649 amino acids), D26362 (62% homology, 56% iden- 
tity spanning 649 amino acids), and fsh (62% homology, 
56% identity spanning 565 amino acids) were identified 
as the amino acid sequences having the highest homol- ss 
ogy with TBS by searching protein databases. 
[0030] Two bromodomains (amino acid positions 49- 
109 and 292-352) were identified by searching the 
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PROSITE database for the motif of amino acid 
sequence. A PEST sequence (Rodgers et al., (1986) 
Science 234: 364) was also present in amino acid posi- 
tions 636-672. Figure 1 shows the locations of these 
motifs. 

[0031 ] Since RING3 is also known to have serine-thre- 
onine kinase activity (Denis and Green, (1996) Genes 
and Devel. 10: 261-271), the amino acid sequence of 
TSB was compared with that of the predicted kinase 
domain of RING3 using Bestfit at GCG. The result 
showed that the predicted kinase domain of RING3 is 
very well conserved in TSB (Fig. 2). However, it was 
found that TBS did not contain sub<lomain I, which 
codes for the predicted ATP-binding domain, and sub- 
domain II, which codes for catalytic lysine, suggesting 
that the kinase activity of TSB was possibly lost. 
[0032] In addition, since the RING3 protein is known 
to be localized in the nucleus, the predicted nuclear 
transport signal of TSB was identified using the PSORT 
program. As a result, four copies of the nuclear trans- 
port signal (in the 488, 489, 575 and 919 positions), 
each copy consisting of four residues, and two copies of 
Robins and Dingwall consensus sequence (Robins and 
Dingwall, (1991) Cell 64: 615-23) (in the 445 and 603 
positions) were discovered- Thus, like RING3, nuclear 
localization of TSB was also indicated. 

Example 3 Mapping of TSB 

[0033] To identify the locus of TSB, DNA from 24 
human/rodent single chromosomal somatic cell lines 
obtained from Coriell Cell Repositories. New Jersey 
(Dubois and Naylor, (1993) Genomics 16: 315-319) 
were amplified using primers U (SEQ ID NO: 3) and L 
(SEQ ID NO: 4). 

[0034] A panel of single chromosomal hybrid cell lines 
was screened for the TSB-localized region, using prim- 
ers U (SEQ ID NO: 3) and L (SEQ ID NO: 4). As a result, 
the predicted product of 1 75 bp was amplified only in 
the cell line GM 13139, a single chromosomal cell line 
for human chromosome 1. The same primers were 
used for PCR for a GeneBrtdge4 radiation hybrid panel 
(Walter et al., (1994) Nature Genetics 7: 22-28). The 
binary codes generated by assessing each hybrid as 
positive or negative for the amplification were compared 
with the analogous codes for the markers constituting 
the framework map, using the server located at 
httpy/www^enome.wimiteduVcgobin/contigyitimap- 
per.pl. This procedure was repeated to give independ- 
ent scores. The two experiments yielded identical 
binary codes, and TSB was shown to be located on 
chromosome 1p between markers WI-7719 and Wl- 
3099 (D1S2154) (Fig. 3). 

Example 4 Analysis of TSB expression 

[0035] Northern analysis of 16 normal tissues was 
conducted using the probe prepared by PCR amplifica- 
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tion of the testis cDNAs using primers U (SEQ ID NO:3) 
and L (SEQ ID NO:4). The probe strongly hybridized 
with mRNA of 3.5 kb and weakly hybridized with that of 
4.0 kb (Fig. 4A). This result was consistent with the 
source testis-specif ic library of the EST used to identify 
TSB (Diatchenko et al., (1996) Proc. Natl. Acad. Sci. 
USA 93: 6025-6030). In addition, the probe cross- 
hybridized with the two species of mRNA (about 2.0 and 
4.5 kb) commonly expressed in these tissues. Since this 
probe contained the sequence encoding a bromodo- 
main, the transcripts of the two species potentially rep- 
resent other bromodomain genes. Furthermore, a panel 
of mRNA derived from eight tumor cell lines was 
screened along with the panel of the normal tissues, 
since, several other testis-specific genes, in particular 
the MAGE family (van der Bruggen et al., (1991) Sci- 
ence 254: 1643-1647) are expressed in tumor tissues. 
However, expression of TSB was not detected in any of 
the cell lines tested (Fig. 4B). Likewise, a panel of 10 
samples of lung cancer was negative for the TSB 
expression (data are not shown). The conditions for 
hybridization were the same as those described in 
Example 1 . 

Industrial Applicability 

[0036] The present invention provides a novel tran- 
scriptional regulator having a bromodomain, DNA 
encoding said transcriptional regulator, a vector carry- 
ing said DNA, a transformant expressibly retaining said 
DNA, an antibody binding to said transcriptional regula- 
tor, and a method of screening a compound that binds 
to said transcriptional regulator. The transcriptional reg- 
ulator of the present invention is considered to form a 
family together with a transcriptional regulator RING3 
that is thought to be associated with cancer. It is abun- 
dantly expressed in the testis. Accordingly, the tran- 
scriptional regulator of the present invention and DNA 
encoding said transcriptional regulator can be used to 
screen for therapeutics to treat diseases such as cell- 
prol iterative diseases and cancer, particularly testis 
cancer; diseases attributed to aplasia and dysfunction 
of sperm; or for contraceptives. Antibodies and other 
compounds that bind to the transcriptional regulator of 
the present invention can also be used as therapeutics. 



a 

3. A DNA coding for the transcriptional regulator 
according to claim 1 or 2. 

4. A vector comprising the DNA according to claim 3. 

5 

5. A transformant expressibly retaining the DNA 
according to claim 3. 

6. A method for producing the transcriptional regulator 
w according to claim 1 or 2, which comprises culturing 

the transformant according to claim 5. 

7. An antibody binding to the transcriptional regulator 
according to claim 1 or 2. 

15 

8. A method of screening a compound having binding 
activity to the transcriptional regulator according to 
claim 1 or 2, wherein the method comprises 

30 (a) contacting a sample with the transcriptional 

regulator according to claim 1 or 2 and 
(b) selecting a compound having binding activ- 
ity to the transcriptional regulator according to 
claim 1 or 2. 

25 

9. A compound having binding activity to the transcrip- 
tional regulator according to claim 1 or 2. which can 
be isolated according to the method of claim 8. 

30 10. The compound according to claim 9, which is natu- 
rally occurring. 

1 1 . A DNA specif icaliy hybridizing with DNA comprising 
the nucleotide sequence shown in SEQ ID NO: 2 
35 and having at least 15 nucleotides. 



40 



45 



Claims 



1. A transcriptional regulator having a bromodomain, 
which comprises the amino acid sequence shown so 
in SEQ ID NO:1 ( or said sequence wherein one or 
more amino acids are substituted, deleted, or 
added. 



2. A transcriptional regulator having a bromodomain, 55 
which is encoded by DNA hybridizing with DNA 
comprising the nucleotide sequence shown in SEQ 
ID NO: 2. 
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Fig. 1 



6(£AA6ATGTTCCTSG6AGGTC^ 90 

TCAAAGUmAAGMmCTrnXXMGTCCACAMCA^ 1B0 

HSIFSRQTAIIYWFPF F E Y I V TK I N 25 

66GCGATTEACAWTCAACTT^ 270 

SIlTMOiatiOKVYLKOLWIlMSF ? » * J[JL« ? 55 

GTO^TCCTSTSAAACTAAAff^^ 360 

a]Ck T ^ Tt 17^&U$Q6 ^^AdUT^ T A? A&I>cI C T ^ CAa T A ^A^c H f C t £a>3 T T 8 n ^ n ^A T l T jit^C^rcij^Y6ACAf r 450 

G^ c K ATG^iC^ T C T Af^C^ 540 

VlKAOALEKLFMQItSQMFOEEQVYfiYKEIHS 

ATCAAGAAAGGCACTCMaG^ATATACCTCTTrCrrrc 630 

IKKGTQQNIA V 6 S AKERSSFSATERVFR-QO 175 

CAMTTCmCTCTATTTCCTAAGACATCTATTTCTCCm 720 

EIPSVFPKTSISF INYV06ASVMSS S Q T A A 205 

CA>GT7ACAAAASGTTjTGAAGAGGAAAGCA^ 810 

QYTKGVRRKAOTTTFA T S A YKASSEF6FTF 235 

ACAaAAAAA7CAGTGBCACTGCCACCTATAAAA^^ 900 

TERSVALPFIRER M F K N V L F D $ 0 Q Q Y N V V E 265 

ACTBTTAAAfiTAACIEAACAATTAAGGCACrreTAG^ 190 

T V K V T E Q I R H C $ E I I REM LAKKHFSY AW P F 295 

TATAATCCTBTT^CGTTUTBCTTTCQ6AaCCATAACTACTA 1080 

A^TjJcJa& t )^ 1170 

efo^frc?^y^ illo 

HEVYTHARHIQDYFETHF$R. IF I E F V E S HP 365 

TTATGTTACATCAAAACXtUTATCACAGAAACCACTGCT^ 1350 

L C Y I R T PI T ETTGREHTKEASS E 611$ S 0 0 S 415 

GAABATBAGCGAfiTTAAGCGTCTTCC^ 1440 

EOERYKRLARLQEQLRAYHQOLQYISOYPF 445 

C6TAABCTAAATAAAAAGAAAfiAGAAlGTCTAAAAAS6AAAAfiAAAAA*aA^ 1530 

RRLKKKREKSKftEKlKERVNR S W E N F R K ft C 475 

GAGCAMTSAGGCTMJUSAMACT 1 620 

EQNRLRERSRRNQFltlKQ Q FI 6 L I S E 0 E 0 505 

AATGCTAAACCTATGAACTAl&ATfiAGAAMGGCAfiTTAACTCTSAATATAA^ 1710 

R A R F H n Y 0 E KROtStRIRK L F G 0 * I G I V V H 535 

ATAATACAATCAAfiAWGCCTTCTCTGAGCAATTCCAATC^^ 1800 

1 IQSREFSLSRSHFOEIEIOFETLRASTLR 565 

GAATTAGAAAAATATGTTTCGGCATOTCTAAGAAAGAGA^ 1890 

EIEKYVSACLRKRFIRFPARRIHH6I EE I H 695 

TCACAGAAAAAACAGGAATTQGAAAAGCG^ 1980 

SORROEIEKRLIOVRKQLHSRRRQTRSORT 625 

CAACCATCCAAAfiCirnGAAAA76TTTCCC6A^ 2070 

CACTTAA^CTT^^ |||o 

J^TAAAflAAAAk^ 2250 
H V K K H K H ECILFEfilT0YTOI6YCVa0TTS715 

SCCAATACTACCCTTCTTCATCAGACCACACCnCACATTTTAA 2340 

ARTTLVHQTTFSMVHFFRHHQLAFRYOELE 745 

CATTTACAfiACTGTCAAAAACATTTCACCTnACA^ 2430 
HLQTYRMISPIQIIPP$G0SEQISR€ITY«775 

a7lXATClGG7EATAfiTCAaCAA06ATmAKUATCTCUT^^ 2620 

MFSGOSOTTHLESECQAFV Q R OIRIKNAOS805 

TGOAAAAGTTTAfiGCAAACCAGTQUUmTCAGGTGTM 2610 

WRSLGRPVRPSGYRRSSOEIFROFRRAAIE 935 

AAGGAAGTAAAAGCTCGGACACAGGAACTCATACGGAA^ 2700 

KEYRARTQELIRRHIEQRTKEIRASQ E H Q R 665 

(UTCnGGGAATGGATTGACTGTAGMTCT^ 2790 

9 LGMGITYESFSMKIQRKCSGEEQK EH F Q S 895 

TCAGAAGCTCAAGATAAATCCAAACTCTGGCT^ 2680 

SEAQOKSKLWLLRDIDIARFKEQER I R R E A 925 

ATG6T6GGTACCATTGATATSACCCTTCAAA6TWCA 2970 

MVGTIDMTIQSDIM'TNF ERRFO* 047 

ATCCACTT AAAATGAATOGT AAAAGATCAAAATLCATATCCT AAAATGATTCCTITCAGATAACAAfiATACCMTCTTATATTGTATTTT 3060 
(UCTGCTCTAAMT^nAAACAGTTTTCACTT ACAAAAAAAAA 3104 
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Fig. 2 
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Fig- 3 
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Fig. 4 
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